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Discussion
As the essential trace element in organisms, copper similarly to other trace metallic elements exist in high-concentration bioligand environments, and often form mixed-ligand complexes with more than two ligands. Such complexes play a very important role in enzyme catalyzing, storage and conveyance of substance as well as in transporting metallic ions during the life process. Therefore, study on mixed-ligand complexes of metal ions with bio-ligands will be of great importance towards exploring mechanism of functional activity of microelements in organisms. N-protected amino acids, being biologically important compounds derived from naturally occurring amino acids, have been studied extensively in the coordination chemistry of metal ions [1] [2] [3] [4] [5] [6] [7] [8] . In the present investigation, a ternary complex of copper(II) ion with W-p-tolysulfonyl-/f-alanine (H-ts-/?-ala), as primary ligand and 2,2'-bipyridine as secondary ligand, has been characterized. The asymmetric unit of the crystal structure consists of a discrete [Cu(bipy)2(ts-/?-ala)] + cation, a counter chloride anion and four hydrate water molecules (figure, top). The co-ordinated ts-fi-ala monoanion acts as a monodentate ligand. The Cu ion is five-coordinated (C11N4O) and the coordination polyhedron can be described as an distorted square pyramid. The equatorial plane is formed by Nl, N2, N3 and N4 from two bipy molecules. The bond lengths of Cul-Nl, Cul-N2, Cul-N3 and Cul-N4 ions and water molecules fill the space between cations (figure, bottom). It is noteworthy that hydrogen bond interactions play an important role. Several kinds of hydrogen bonding are observed in the crystal structure: (a) hydrogen bonding between water oxygen atoms and nitrogen atoms of sulfonamide groups (N5-H5N-05 with the bond distance of 2.891(5) A and bond angle of 128°), (b) hydrogen bonding between water oxygen atoms and uncoordinated chloride anion (05-H50A-Cll and 05-H50B-Cll with the bond distances of 3.165(4) A and 3.185(4) A and bond angles of 169° and 170°, respectively). At the same time, several weak C-H-Ο hydrogen bonds are formed, in which carboxylate Ο and sulfonamide Ο atoms have interactions with Η atoms from 2,2'-bipyridine group and benzene ring. Moreover, there are aromatic ring stacking interactions between bipyridine and benzene rings. The centroid distance between the 2,2'-bipyridine molecule and benzene ring is 3.79 A. These weak π-π stacking interactions and the weak hydrogen bonds form a complex 2D supramolecular network forming by self-assembly and stabilizing the supramolecular structure. 
